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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the coloring of a 
dark display even in transmission mode as to the liquid 
crystal display device which has a reflecting function and a 
transmitting function. 

SOLUTION: In this liquid crystal display device, a A/4 
plate 7 is arranged on the opposite surface on a substrate 
to the side where a counter electrode 4 is formed, a 1/4 
plate 10 is arranged on the opposite surface on a substrate 
1 to the side where a reflecting electrode 3 and a 
transparent electrode 8 are formed, and the phase delay 
axis of the A /4 plate 10 is set to cross the phase delay 
axis of the A /4 plate 7 at right angles. A polarizing plate 6 
is provided on the opposite surface of the A /4 plate 7 on 
the substrate 2, and a polarizing plate 9 is provided on the 
opposite surface of the A /4 plate 10 on the substrate 1; 
and the transmission axis of the polarizing plate 6 is 
inclined at 45° with respect to the phase delay axis of the 
A /4 plate 7, the transmission axis of the polarizing plate 9 
is inclined at 45° with respect to the phase delay axis of 
the A /4 plate 10, and the transmission axis of the 
polarizing plate 6 cross the transmission axis of the 
polarizing plate 9 at right angles. 
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4 * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] On the other hand, have the substrate and the another side substrate with which the 
counterelectrode was formed with which the field which has a reflex function and a transparency 
function was formed, and it sets to said liquid crystal display with which the liquid crystal layer was 
pinched between the substrate and said another side substrate on the other hand. The 1st polarization 
means formed in said field opposite to said liquid crystal layer of a substrate on the other hand, The 2nd 
polarization means formed in the field opposite to said liquid crystal layer of said another side substrate, 
The 1st phase contrast plate prepared between said 1st polarization means and said liquid crystal layers, 
The liquid crystal display characterized by having the 2nd phase contrast plate prepared between said 
2nd polarization means and said liquid crystal layers, and for the transparency shaft of said 1st 
polarization means and the transparency shaft of said 2nd polarization means intersecting 
perpendicularly, and the lagging axis of said 1st phase contrast plate and the lagging axis of said 2nd 
phase contrast plate lying at right angles. 

[Claim 2] The liquid crystal display according to claim 1 characterized by said liquid crystal layer being 
the perpendicular orientation liquid crystal ingredient which has a negative dielectric constant anisotropy. 
[Claim 3] The liquid crystal display according to claim 1 or 2 characterized by making said liquid crystal 
display into the display mode of a normally black. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 
[0002] 

[Description of the Prior Art] Since a liquid crystal display does not emit light itself unlike CRT (Braun 
tube) or EL (electroluminescence), the transparency mold liquid crystal display which installs a back light 
in the tooth back of a liquid crystal display component, and illuminates it is used. However, in the 
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portable information device with many opportunities to use outdoors and always carrying, in order that a 
back light may usually consume 50% or more of the total power consumption of a liquid crystal display, 
the reflective mold liquid crystal display which installs a reflecting plate instead of a back light, and 
displays only by the ambient light is also realized. 

[0003] In order not to use a polarizing plate besides using a polarizing plate called TN (Twisted Nematic) 
mode and STN (super twisted nematic) mode which are widely used for the display mode used with a 
reflective mold liquid crystal display with the current transparency mold a type, development is 
performed briskly in recent years, for example, the phase transition mold guest host mode in which a 
bright display is realizable is also indicated by JP,4-75022,A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since phase transition mold guest host mode 
displays using the light absorption of coloring matter in the liquid crystal layer which distributed a liquid 
crystal molecule and coloring matter, contrast cannot be taken enough, but compared with the liquid 
crystal display of the type using polarizing plates, such as TN (Twisted Nematic) mode and STN (super 
twisted nematic) mode, display grace gets remarkably bad. Moreover, in the case of the liquid crystal 
display of parallel orientation or twist orientation, the liquid crystal molecule near the core of a liquid 
crystal layer inclines perpendicularly to a substrate side at the time of electrical-potential-difference 
impression, but Since the liquid crystal molecule near an orientation film front face does not become 
perpendicular to a substrate even if it impresses an electrical potential difference, the rate of a 
birefringence of a liquid crystal layer is far from 0, in the case of the display mode which performs a 
black display at the time of electrical-potential-difference impression, cannot display sufficient black 
because of the birefringence of a liquid crystal layer, and cannot acquire sufficient contrast. 
[0005] The liquid crystal display in TN mode and STN mode is also hard to be referred to as having 
display grace sufficient in respect of brightness or contrast by current, and improvement in display 
grace, such as the further raise in brightness and improvement in contrast, is called for. Moreover, when 
a surrounding light of a reflective mold liquid crystal display is dark, it has the fault that the reflected 
light used for a display falls and visibility falls extremely, and on the other hand, the transparency mold 
liquid crystal display had with this the problem to which the visibility under fine weather with a 
conversely very bright ambient light etc. falls. Therefore, although the indicating equipment which 
combined the transparency display and the reflective display is developed, there is a trouble that optical 
leakage occurs in a black display and sufficient black level is not obtained. 
[0006] 

[Means for Solving the Problem] On the other hand, invention according to claim 1 has the substrate 
and the another side substrate with which the counterelectrode was formed with which the field which 
has a reflex function and a transparency function was formed, and sets them to said liquid crystal 
display with which the liquid crystal layer was pinched between the substrate and said another side 
substrate on the other hand. The 1st polarization means formed in said field opposite to said liquid 
crystal layer of a substrate on the other hand, The 2nd polarization means formed in the field opposite 
to said liquid crystal layer of said another side substrate. The 1st phase contrast plate prepared 
between said 1st polarization means and said liquid crystal layers, It is characterized by having the 2nd 
phase contrast plate prepared between said 2nd polarization means and said liquid crystal layers, and for 
the transparency shaft of said 1st polarization means and the transparency shaft of said 2nd 
polarization means intersecting perpendicularly, and the lagging axis of said 1st phase contrast plate and 
the lagging axis of said 2nd phase contrast lying at right angles. 

[0007] Invention according to claim 2 is characterized by said liquid crystal layer being the perpendicular 
orientation liquid crystal ingredient which has a negative dielectric constant anisotropy. Invention 
according to claim 3 is characterized by making said liquid crystal display into the display mode of a 
normally black. 

[0008] The operation by this invention is explained below. According to the liquid crystal display of this 
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€) invention according to claim 1 , since it depends on the wavelength of light strongly, the refractive index 
to both Tsunemitsu of the form birefringence ingredient which constitutes a phase contrast plate t and 
abnormality light depends on wavelength also for the phase lag accumulated within the phase contrast 
plate of specific thickness. That is, in order to give the phase lag (for example, lambda/4) of a certain 
special value to the linearly polarized light side of incident light, only when incidence of the beam of light 
of the single wavelength which specified wavelength is carried out, it can attain completely. Therefore, 
with the wavelength dependency of the refractive-index anisotropy of the form birefringence ingredient 
which constitutes a phase contrast plate, the light penetrated without being shaded with the polarization 
means by the side of outgoing radiation occurs, and coloring arises in a dark display in the wavelength 
region which cannot attain lambda/4 of phase lags. 

[0009] According to making the lagging axis of the 1st phase contrast plate and the 2nd phase contrast 
plate intersect perpendicularly, the wavelength dependency of the refractive-index anisotropy of the 1st 
phase contrast plate can be offset with the wavelength dependency of the refractive-index anisotropy 
of the 2nd phase contrast plate, and it comes to fill fixed phase contrast with this invention throughout 
the wavelength range of light. For this reason, coloring of a dark display is improvable. 
[0010] Since the condition that the retardation of a liquid crystal layer is about 0 is realized by using for 
a liquid crystal layer the perpendicular orientation liquid crystal ingredient which has a negative 
dielectric constant anisotropy according to the liquid crystal display of this invention according to claim 
2 and a dark condition becomes darker, contrast becomes high. For example, if parallel orientation liquid 
crystal is used for a liquid crystal layer, even if it is going to set the retardation of a liquid crystal layer 
to 0 by impressing an electrical potential difference and turning the major axis of a liquid crystal 
molecule to an electrode and a perpendicular direction, since a residual retardation occurs, the 
retardation of a liquid crystal layer will not be set to 0. 

[001 1] According to the liquid crystal display of this invention according to claim 3, according to a 
normally black (it is called Following NB), it hardly generates but change of the contrast ratio by eel gap 
change can take a certain amount of allowances over eel gap control at the point of productivity. 
[0012] The applied voltage to the liquid-crystal layer which turns into a liquid-crystal layer in white to 
eel gap change by NB which performs a black display at the time of no electrical-potential-difference 
impressing, and performs a white display in a liquid-crystal layer at the time of electrical-potential- 
difference impression to the applied voltage to the liquid-crystal layer which becomes black to eel gap 
change in the normally white (it is called Following NW) which performs a white display at the time of no 
electrical-potential-difference impressing, and performs a black display at the time of electrical- 
potential-difference impression changing changes. Therefore, in NW, since a twist KONRASUTO ratio 
changes to eel gap change remarkably, highly precise eel gap control is needed for it. Moreover, in NW, 
since the point defect used as the luminescent spot serves as a sunspot in NB, the improvement in the 
rate of an excellent article on manufacture is expected, and a luminescent-spot free-lancer s high 
definition display panel can be realized. Also from these things, the direction of NB is excellent in the 
bottom of all environments as a display mode of an usable liquid crystal display compared with NW. 
[0013] 

[Embodiment of the Invention] (Operation gestalt 1) The configuration of the active-matrix substrate of 
the operation gestalt 1 is explained using drawing 1 . The reflector 3 formed in the insulating substrates 
1 , such as a glass substrate, with the ingredient with high reflection factors, such as aluminum and Ta, 
and the transparent electrode 8 formed with the ingredient with high permeability, such as ITO, are 
formed. The counterelectrode 4 formed in the insulating substrates 2, such as a glass substrate, with 
the ingredient with high permeability, such as ITO, is formed, and the liquid crystal layer 5 which 
consists of a liquid crystal ingredient in which a negative dielectric anisotropy is shown between a 
reflector 3 and a transparent electrode 8, and a counterelectrode 4 is pinched. 

[0014] The orientation film (not shown) of a perpendicular stacking tendency is formed in the field which 
touches the liquid crystal layer 5 of a reflector 3, a transparent electrode 8, and a counterelectrode 4, 
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€ n respectively, and orientation processing of rubbing etc. is performed on one [ at least ] orientation film 
after spreading of the orientation film. It may replace with the orientation processing by rubbing, and 
orientation may be regulated in optical orientation, an electrode configuration, etc. Orientation of the 
liquid crystal molecule of the liquid crystal layer 5 is carried out in general by orientation processing of 
rubbing to the orientation film of a perpendicular stacking tendency etc. to the perpendicular direction of 
a substrate side with the tilt angle of 0 times or 0.1 degrees to about 5 times. 
[0015] Here, although a reflector 3 is used as an electrode which impresses an electrical potential 
difference to a liquid crystal layer, a reflector 3 may be used as a reflecting plate, without using as an 
electrode. In that case, it is good also as an electrode which extends a transparent electrode 8 to the 
field of a reflecting plate, and impresses an electrical potential difference to the liquid crystal layer 5 for 
a transparent electrode 8 in a reflective field. As a liquid crystal ingredient of the liquid crystal layer 5, 
the liquid crystal ingredient which has Ne=1.5546 and the refractive-index anisotropy of No=1.4773 was 
used. 

[0016] lambda/4 plate 7 is arranged in the near opposite side in which the counterelectrode 4 of a 
substrate 2 was formed, lambda/4 plate 10 is arranged in the near opposite side in which the reflector 3 
and transparent electrode 8 of a substrate 1 were formed further, and the lagging axis of lambda/4 plate 
10 is set up so that it may intersect perpendicularly with the lagging axis of lambda/4 plate 7. 
[0017] A polarizing plate 6 is formed in the field of the opposite side, and the polarizing plate 9 is formed 
[ substrate / 2 / of lambda/4 plate 7 ] in the field of the opposite side in the substrate 1 of lambda/4 
plate 10, respectively, the transparency shaft of a polarizing plate 6 — the lagging axis of lambda/4 
plate 7 — receiving — the transparency shaft of 45 degrees and a polarizing plate 9 — the lagging axis 
of lambda/4 plate 10 — receiving — 45-degree ** — pure — like, the transparency shaft of a 
polarizing plate 6 is set up so that it may intersect perpendicularly to the transparency shaft of a 
polarizing plate 9. In this case, although the transparency shaft of a polarizing plate is set as 45 degrees 
to the lagging axis of lambda/4 plate, the direction of +, the direction of - or whichever is sufficient as 
the direction of that include angle. 

[0018] Drawing 2 (a) shows the flat-surface schematic diagram of the active-matrix substrate of the 
liquid crystal display of the operation gestalt 1, and drawing 2 (b) shows the A-A sectional view of 
drawing 2 (a). The active-matrix substrate is equipped with the gate wiring 21, the data wiring 22, a 
driver element 23, the drain electrode 24, the auxiliary capacity electrode 25, gate dielectric film 26, the 
insulating substrate 27, the contact hole 28, the interlayer insulation film 29, the picture element 
electrode 30 for reflection, and the picture element electrode 31 for transparency. 
[0019] It connects as electrically as the drain electrode 24, and the auxiliary capacity electrode 25 is 
superimposed on the gate wiring 21 through gate dielectric film 26, and forms auxiliary capacity. The 
contact hole 28 is established in the interlayer insulation film 29, in order to connect the picture element 
electrode 31 for transparency, and the auxiliary capacity electrode 25. 

[0020] This active-matrix substrate is equipped with the picture element electrode 30 for reflection, and 
the picture element electrode 31 for transparency into one picture element, and forms picture element 
electrode 30 part for reflection which reflects the light from the outside into one picture element, and 
picture element electrode 31 part for transparency which penetrates the light of a back light. 
[0021] Here, although the shape of surface type of the picture element electrode 30 for reflection is 
illustrated as a flat surface in drawing 2 (b), in order to improve a reflection property, the shape of 
surface type may be made into irregularity. Moreover, although the picture element electrode is divided 
into the picture element electrode 30 for reflection, and the picture element electrode 31 for 
transparency, a transflective electrode may be used, without dividing. 

[0022] The transparency condition of the light of the reflective mode in the liquid crystal display of the 
operation gestalt 1 and the transparent mode is explained using drawing 3 and drawing 4 . Drawing 3 
shows the case (reflective mode) where it displays using a reflector, drawing 3 (a) shows the case where 
it is the dark display to which the electrical potential difference is not impressed to the perpendicular 
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orientation liquid crystal layer, and drawing 3 (b) shows the case where it is the white display by which 
the electrical potential difference was impressed to the perpendicular orientation liquid crystal layer. 
Moreover, drawing 4 shows the case (transparent mode) where it displays using a transparency 
electrode, drawing 4 (a) shows the case where it is the dark display to which the electrical potential 
difference is not impressed to the perpendicular orientation liquid crystal layer, and drawing 4 (b) shows 
the case where it is the white display by which the electrical potential difference was impressed to the 
perpendicular orientation liquid crystal layer. 

[0023] Drawing 3 (a) explains the dark display in reflective mode. The incident light which went into 
polarizing plate 6 front face from the drawing 3 (a) bottom turns into the linearly polarized light whose 
polarization shaft corresponded with the transparency shaft of a polarizing plate, after passing along a 
polarizing plate 6, and incidence is carried out to lambda/4 plate 7. lambda/4 plate 7 is arranged so that 
the transparency shaft orientations of a polarizing plate 6 and the direction of a lagging axis of lambda/4 
plate 7 may become 45 degrees, and the light which passed lambda/4 plate 7 turns into the circular 
polarization of light. 

[0024] When electric field are not being impressed to the liquid crystal layer 5, the liquid crystal layers 5 
using the liquid crystal ingredient in which a negative dielectric anisotropy is shown of the refractive- 
index anisotropy of the liquid crystal layer 5 to the light in which the liquid crystal molecule is carrying 
out orientation almost perpendicularly from the substrate side and which carries out incidence are very 
few, and the phase contrast produced when light penetrates the liquid crystal layer 5 is about 0. 
Therefore, the beam of light of the circular polarization of light which passed lambda/4 plate 7 
penetrates the liquid crystal layer 5, without hardly breaking down the circular polarization of light, and is 
reflected with the reflector 3 on one substrate 1 . 

[0025] The reflected light turns into the circular polarization of light which the hand of cut reversed, and 
turns into the linearly polarized light which passes lambda/4 plate 7 and intersects perpendicularly with 
the time of incidence, and incidence is carried out to a polarizing plate 6. The linearly polarized light 
which passed lambda/4 plate 7 is the linearly polarized light of the direction which intersects 
perpendicularly with the transparency shaft of a polarizing plate 6, is absorbed with a polarizing plate 6 
and penetrated. Thus, it becomes a dark display when not impressing an electrical potential difference to 
the liquid crystal layer 5. 

[0026] Next, drawing 3 (b) explains the white display in reflective mode. Drawing 3 (b) is the case where 
an electrical potential difference is impressed to the liquid crystal layer 5, is the same as that of drawing 
3 (a), and omits explanation until it passes lambda/4 plate 7. 

[0027] If an electrical potential difference is impressed to the liquid crystal layer 5, the circular 
polarization of light from lambda/4 plate 7 which the liquid crystal molecule which was carrying out 
orientation perpendicularly from the substrate side inclined to the substrate side and the horizontal 
direction a little, and carried out incidence to the liquid crystal layer 5 It becomes elliptically polarized 
light by the birefringence of a liquid crystal molecule, after being reflected with a reflector 3, it is further 
influenced of the birefringence of a liquid crystal molecule in the liquid crystal layer 5, after passing 
lambda/4 plate 7, it does not become the linearly polarized light which intersects perpendicularly with 
the transparency shaft of a polarizing plate 6, but a polarizing plate 6 is passed a little. In this way, by 
adjusting the electrical potential difference impressed to a liquid crystal layer, after reflecting, the 
quantity of light which can penetrate a polarizing plate 6 can be adjusted, and a gradation display is 
attained. 

[0028] Moreover, if the orientation condition of a liquid crystal molecule is changed so that an electrical 
potential difference may be impressed to the liquid crystal layer 5 from a reflector 3 and a 
counterelectrode 4 and the phase contrast of the liquid crystal layer 5 may become quarter-wave length 
conditions The circular polarization of light after passing lambda/4 plate 7 turns into the linearly 
polarized light which intersects perpendicularly with the transparency shaft of a polarizing plate 6 when 
the liquid crystal layer 5 is passed and a reflector 3 is reached. After passing the liquid crystal layer 5 
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4 again and becoming the circular polarization of light, lambda/4 plate 7 is passed, and it becomes the 
linearly polarized light parallel to the transparency shaft of a polarizing plate 6, and the reflected light 
which passes a polarizing plate 6 becomes max. 

[0029] It is the linearly polarized light of the direction where the light reflected with the reflector 3 is 
illustrating on the retardation conditions of the liquid crystal layer 5 which penetrates a polarizing plate 6 
most, and intersects perpendicularly with the transparency shaft of a polarizing plate 6 on a reflector 3 
at drawing 3 (b). Therefore, when an electrical potential difference is not impressed to the liquid crystal 
layer 5, if most birefringences cannot be found in the liquid crystal layer 5, a dark display is obtained and 
an electrical potential difference is impressed by the liquid crystal layer 5, with the applied voltage, the 
permeability of light will change and a gradation display will be attained. 

[0030] Drawing 4 (a) explains the dark display of the transparent mode. The light in which outgoing 
radiation was carried out by the light source (not shown) turns into the linearly polarized light which was 
in agreement with the transparency shaft of a polarizing plate 9 from the drawing 4 (a) bottom after 
passing a polarizing plate 9. lambda/4 plate 10 is arranged so that the direction of a lagging axis of 
lambda/4 plate 10 and the transparency shaft orientations of a polarizing plate 9 may become 45 
degrees, and the light which passed lambda/4 plate 10 turns into the circular polarization of light. 
[0031] When not impressing electric field to the liquid crystal layer 5, the liquid crystal layers 5 using the 
liquid crystal ingredient in which a negative dielectric anisotropy is shown of the refractive-index 
anisotropy of the liquid crystal layer 5 to the light in which the liquid crystal molecule is carrying out 
orientation almost perpendicularly from the substrate side and which carries out incidence are very few, 
and the phase contrast produced when light passes the liquid crystal layer 5 is about 0. Therefore, the 
circular polarization of light by which outgoing radiation is carried out from lambda/4 plate 10 passes the 
liquid crystal layer 5, without breaking down the circular polarization of light, and it carries out incidence 
to lambda/4 plate 7. 

[0032] The direction of a lagging axis of lambda/4 plate 10 and the direction of a lagging axis of 
lambda/4 plate 7 lie at right angles, the circular polarization of light which carried out incidence to 
lambda/4 plate 7 turns into the linearly polarized light of the direction which intersects perpendicularly 
with the transparency shaft orientations of a polarizing plate 9, and incidence is carried out to a 
polarizing plate 6. The linearly polarized light by which outgoing radiation was carried out from lambda/4 
plate 7 is the linearly polarized light of the direction which intersects perpendicularly with the 
transparency shaft of a polarizing plate 6, it is absorbed with a polarizing plate 6 and light does not 
penetrate. Thus, it becomes a dark display when not impressing an electrical potential difference to the 
liquid crystal layer 5. Next, drawing 4 (b) explains the clear display of the transparent mode. Drawing 4 
(b) is the case where an electrical potential difference is impressed to a liquid crystal layer, is the same 
as that of drawing 3 (a), and omits explanation until light passes lambda/4 plate 10. 
[0033] If an electrical potential difference is impressed to the liquid crystal layer 5, the liquid crystal 
molecule which was carrying out orientation perpendicularly from the substrate side inclines to a 
substrate side and a horizontal direction a little, and the circular polarization of light from lambda/4 plate 
10 which carried out incidence to the liquid crystal layer 5 turns into elliptically polarized light by the 
birefringence of a liquid crystal molecule, after it passes lambda/4 plate 7, it will not turn into the 
linearly polarized light which intersects perpendicularly with the transparency shaft of a polarizing plate 
6, but will pass a polarizing plate 6 a little. In this way, by adjusting the electrical potential difference 
impressed to a liquid crystal layer, after reflecting, the quantity of light which penetrates a polarizing 
plate 6 can be adjusted, and a gradation display is attained. 

[0034] Moreover, an electrical potential difference is impressed to the liquid crystal layer 5, and it 
becomes the linearly polarized light at the point of the one half of the eel thickness of the liquid crystal 
layer 5, and the circular polarization of light if the orientation condition of a liquid crystal molecule is 
changed so that the phase contrast of the liquid crystal layer 5 may become 1/2-wave conditions, after 
passing lambda/4 plate 7 will turn into the circular polarization of light, if the remaining liquid crystal 
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; layers 5 are passed. The circular polarization of light by which outgoing radiation is carried out from the 
liquid crystal layer 5 will turn into the linearly polarized light parallel to the transparency shaft of a 
polarizing plate 6, if lambda/4 plate 7 is passed, and the reflected light which passes a polarizing plate 6 
becomes max. 

[0035] In drawing 3 (b), the light which passed the polarizing plate 9 is illustrating on the retardation 
conditions of the liquid crystal layer 5 which penetrates a polarizing plate 6 most. Therefore, when the 
electrical potential difference is not impressed to the liquid crystal layer 5, if most birefringences cannot 
be found in the liquid crystal layer 5, a dark display is obtained and an electrical potential difference is 
impressed by the liquid crystal layer 5, with the applied voltage, the permeability of light will change and 
a gradation display will be attained. 

[0036] Drawing 5 is drawing showing the wavelength of the light at the time of a black display, and the 
relation of permeability, when the lagging axis of lambda/4 plate 7 which is the configuration of this 
operation gestalt, and lambda/4 plate 10 has been arranged to the rectangular cross, and when the 
lagging axis of lambda/4 plate 7 and lambda/4 plate 10 has been arranged in parallel as an example of a 
comparison. With this operation gestalt, according to making the lagging axis of a phase contrast plate 
intersect perpendicularly, the wavelength dependency of the refractive-index anisotropy of a phase 
contrast plate can be offset, it comes to fulfill fixed phase contrast throughout the wavelength range of 
light, and coloring of a dark display can be improved. 

[0037] The phase contrast of the liquid crystal layer 5 from which a reflection factor serves as max with 
the bright state in reflective mode is lambda/4 here. From it being lambda/2, the phase contrast of the 
liquid crystal layer 5 from which permeability serves as max with the bright state of the transparent 
mode When the thickness of the liquid crystal layer of the field used as reflective mode and the liquid 
crystal layer of a field used as the transparent mode is equal Phase contrast of lambda/2 for the phase 
contrast of the liquid crystal layer 5 of a field using the phase contrast of the liquid crystal layer 5 of a 
field used as reflective mode as lambda/4 and the transparent mode cannot be fulfilled to coincidence. 
[0038] That is, when performing a gradation display because the phase contrast of the liquid crystal 
layer 5 of a field used as reflective mode changes to lambda/4 from 0, in order that the phase contrast 
of the liquid crystal layer 5 of a field used as the transparent mode may also change only from 0 to 
lambda/4, the transparent mode cannot use light efficiently. 

[0039] Therefore, reflective mode and the transparent mode can use light efficiently by changing the 
electrical potential difference impressed to the liquid crystal layer of the field which changes the 
thickness of the liquid crystal layer of the field used as reflective mode, and the liquid crystal layer of a 
field used as the transparent mode, or is used as reflective mode, and the liquid crystal layer of a field 
used as the transparent mode. If it is made into twice the thickness of the liquid crystal layer of a field 
using the thickness of the liquid crystal layer of a field used as the transparent mode as reflective mode 
in case the thickness of the liquid crystal layer of the field used as reflective mode and the liquid crystal 
layer of a field used as the transparent mode is changed here The phase contrast of lambda/2 for the 
phase contrast of the liquid crystal layer 5 of a field using the phase contrast of the liquid crystal layer 5 
of a field used as reflective mode as lambda/4 and the transparent mode can be fulfilled to coincidence. 
Moreover, even if it does not make it into twice the thickness of the liquid crystal layer of a field using 
the thickness of the liquid crystal layer of a field used as the transparent mode as reflective mode The 
use effectiveness of light improves by making it larger than the thickness of the liquid crystal layer of a 
field using the thickness of the liquid crystal layer of a field used as the transparent mode as reflective 
mode in the range which does not exceed the twice of the thickness of the liquid crystal layer of a field 
using the thickness of the liquid crystal layer of a field used as the transparent mode as reflective mode. 
[0040] Here, since it depends on wavelength strongly, the refractive index to both Tsunemitsu of the 
form birefringence ingredient which constitutes lambda/4 plates 7 and 10, and abnormality light depends 
on wavelength also for the phase lag accumulated within the wavelength plate of specific thickness. That 
is, in order to give lambda/4 of phase lags to the linearly polarized light side of incident light, only when 
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v incidence of the beam of light of the single wavelength which specified wavelength is carried out, it can 
attain completely. Therefore, although the light penetrated without being shaded with a polarizing plate 6 
in the wavelength region which cannot attain lambda/4 of phase lags occurs and coloring arises in a dark 
display with the wavelength dependency of the refractive-index anisotropy of the form birefringence 
ingredient which constitutes lambda/4 plates 7 and 10 The transparency shaft of a polarizing plate 6 is 
setting up so that it may intersect perpendicularly to the transparency shaft of a polarizing plate 9 so 
that the lagging axis of lambda/4 plate 7 and the lagging axis of lambda/4 plate 10 may cross at right 
angles. In the transparent mode, the wavelength dependency of the refractive-index anisotropy of 
lambda/4 plate 10 can be offset with the wavelength dependency of the refractive-index anisotropy of 
lambda/4 plate 7, and it comes to fulfill lambda/4 conditions throughout a wavelength range. For this 
reason, coloring of a dark display is improvable. 

[0041] Furthermore, in order to make the viewing-angle property of the liquid crystal layer 5 improve, a 
good display is realized in the large viewing-angle range by making between a polarizing plate 6 and the 
liquid crystal layers 5, a polarizing plate 9, and another phase contrast plate at least to one side between 
the liquid crystal layers 5 install. 

[0042] Moreover, although perpendicular stacking tendency liquid crystal is used for the liquid crystal 
layer 5 with the operation gestalt 1, since a retardation is not completely set to 0 in the liquid crystal 
layer 5 in the time of no electrical-potential-difference impressing when the orientation of the liquid 
crystal molecule near the substrate front face has a certain amount of tilt angle to the perpendicular 
direction of a substrate side, if lambda/4 plate 7 is replaced with and the retardation of a phase contrast 
plate is adjusted in order to compensate the part, a better dark display will be obtained. 
[0043] What is necessary is to replace with lambda/4 plate 7, and just to arrange a phase contrast plate 
with the retardation of (lambda / 4-alpha) in reflective mode, in the liquid crystal layer in the condition 
that the liquid crystal molecule has turned to the perpendicular direction of a substrate side in general, 
when the retardation of alpha remains. 

[0044] In reflective mode, the elliptically polarized light [ circular polarization of light ] shifted by the 
retardation in which the liquid crystal layer remains carries out incidence to a liquid crystal layer. A 
liquid crystal layer is passed and it becomes the circular polarization of light which turned into the 
circular polarization of light, reflected in the field which has a reflex function, and the hand of cut 
reversed. When passing a liquid crystal layer and carrying out outgoing radiation from a liquid crystal 
layer, it becomes the elliptically polarized light [ circular polarization of light ] shifted. The elliptically 
polarized light at this time has a phase in the condition of having shifted 90 degrees, at the time of 
incidence. If a phase contrast plate is passed, it will become the linearly polarized light which intersects 
perpendicularly with the transparency shaft of a polarizing plate 6. 

[0045] When reflective mold displaying becomes main when the picture element electrode for reflection 
is larger than the picture element electrode for transparency, even when lambda/4 plate 10 used for the 
display of the transparent mode remains as it is, it is good. Therefore, even when the retardation which 
remains in the liquid crystal layer in the condition that the liquid crystal molecule has turned to the 
perpendicular direction of a substrate side cannot be disregarded, the high display of contrast can be 
realized in reflective mode by arranging the phase contrast plate in consideration of the retardation. 
[0046] Furthermore, what is necessary is just to arrange a phase contrast plate with the retardation 
replaced with lambda/4 plate 7 (lambda/4-alpha), and a phase contrast plate with the retardation 
replaced with lambda/4 plate 10 (lambda / 4- (beta-alpha)), when the retardation of beta remains in 
alpha in reflective mode and remains in the transparent mode in the liquid crystal layer. 
[0047] In the transparent mode which displays by the transmitted light of a field which has a 
transparency function In the condition that the liquid crystal molecule has turned to the perpendicular 
direction of a substrate side The phase contrast plate which has the retardation of the above (lambda / 
4- (beta-alpha)) so that it may become the outgoing radiation light in reflective mode and the elliptically 
polarized light of the same condition, when outgoing radiation of the liquid crystal layer is carried out is 
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.< set jup. Since elliptically polarized light with the phase contrast carries out incidence to a phase contrast 
plate with the retardation of the above (lambda/4-alpha), when a phase contrast plate with the 
retardation of the above (lambda/4-alpha) is passed, it becomes the linearly polarized light which 
intersects perpendicularly with the transparency shaft of a polarizing plate 6, and becomes little dark 
display of optical leakage. 

[0048] Therefore, even when the retardation which remains in the liquid crystal layer in the condition 
that the liquid crystal molecule has turned to the perpendicular direction of a substrate side cannot be 
disregarded, the high display of contrast can be realized in reflective mode by arranging the phase 
contrast plate in consideration of the retardation. 

[0049] Moreover, although perpendicular stacking tendency liquid crystal is used for the liquid crystal 
layer 5 with the operation gestalt 1, even if it uses parallel stacking tendency liquid crystal, it can 
express as the same principle. However, if parallel stacking tendency liquid crystal is used, along with 
electrical-potential-difference impression, the retardation of the liquid crystal layer 5 will become small, 
but also in the condition that liquid crystal molecules other than near the substrate have turned to the 
perpendicular direction of a substrate side in general at the time of electrical-potential-difference 
impression, the residual retardation by the liquid crystal molecule near the substrate produces the liquid 
crystal molecule near the substrate in order to hardly move by electric field. Therefore, if parallel 
stacking tendency liquid crystal is used rather than the case where perpendicular stacking tendency 
liquid crystal is used, an optical leak occurs at the time of an influenced part of a residual retardation, 
and a dark display, black level will float and a contrast fall will occur. Therefore, in order to display the 
same black level as perpendicular stacking tendency liquid crystal using parallel stacking tendency liquid 
crystal, there is the need of carrying out orientation of the liquid crystal molecule to a vertical substrate, 
or adding a phase contrast plate so that a residual retardation may be compensated and the residual 
retardation by the liquid crystal molecule near each vertical substrate may be negated. 
[0050] 

[Effect of the Invention] According to invention of claim 1, by making the lagging axis of the 1st phase 
contrast plate and the 2nd phase contrast plate intersect perpendicularly In the liquid crystal display 
which can offset the wavelength dependency of the refractive-index anisotropy of the 1st phase 
contrast plate with the wavelength dependency of the refractive-index anisotropy of the 2nd phase 
contrast plate, comes to fulfill lambda/4 conditions throughout the wavelength range of light, and has a 
reflex function and a transparency function Coloring of a dark display is improvable also by the 
transparent mode. 

[0051] Since the condition that the retardation of a liquid crystal layer is about 0 is realized by using for 
a liquid crystal layer the perpendicular orientation liquid crystal ingredient which has a negative 
dielectric constant anisotropy according to invention of claim 2 and a dark condition becomes darker, 
contrast becomes high. 

[0052] According to invention of claim 3, according to a normally black (it is called Following NB), it 
hardly generates but change of the contrast ratio by eel gap change can take a certain amount of 
allowances over eel gap control at the point of productivity. 



[Translation done.] 
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V 2. 3 My* c * shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the liquid crystal display of the operation gestalt 1 of this invention. 
[Drawing 2] It is the top view of the liquid crystal display of the operation gestalt 1 of this invention, and 
the operation gestalt 2. 

[Drawing 3] It is drawing showing the transparency condition of the light in the reflective field of the 
liquid crystal display of the operation gestalt 1 of this invention. 

[Drawing 4] It is drawing showing the transparency condition of the light in the transparency field of the 
liquid crystal display of the operation gestalt 1 of this invention. 

[Drawing 5] It is drawing showing the wavelength of the light when performing a black display, and the 
relation of permeability. 
[Description of Notations] 
1 Two Substrate 

3 Reflector 

4 Counterelectrode 

5 Liquid Crystal Layer 

6 Nine Polarizing plate 

7 Ten lambda/4 plate 

8 Transparent Electrode 

[Translation done.] 
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h©ffi^«*J*>**?iT#-5. 

[0 0 4 9] * Ac. ggj&'gtB 1 T«^ B B B @ 5 (CSitEft 

©BSTSlS^flBT**. fib. JRTElRlttttl&Sfl! 
^ -& <h«ffi'"P JWtCO nTSKIIl 5 O >J ^ t* — 3/ a 

SlttrEl«attl*»*ffllr»fc»*J:0 , b3|efTEl«!lttl*JI 

*mrr*j:3ic±T»**n-f*i©ifi(»o*»»^icj: 
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3©T\ Bftt«^<fc9ff&<&&©T\ 3>h5Xhl5«I 

[0 0 5 2] Bt#3i 3 ©fg0Jl(C itltf, y 'J 7*7 7 
£ (£TFNB£H3) TStMf y^ftl;±53> 
h7Xhit©^b«SiA/t*^^-r, -fe-fift©^T-fe 

mmvffimttmw] 

[01] *»W©*Jfi»lll©«tS"ft*fi«©WriB«-* 
0T&&. 

[02] *%w<nmmwmiRifmmBm2<DWi&mK 
[03] ^mM<Dmmmmi <Dm^m^mm<DKmmm 

T ©ft ©SiflttfiR * 0 T- & 4 . 

[04] *^Bjosi«§ii©?giia^gfa©2ii§M^ 

■C t ©7t©@ii^**-r0T*4. 

[05] mm^&ft? t£cDft(D$L&tmmm<Dm%:$: 
i. 2 as 

3 

4 Mrsjtt® 

5 $tHJf 

6, 9 ^^ffi 
7,10 A/4« 
8 S^UttS 
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(72)^BJ# ®P IE1S 

*Rj8*RmWft»Kfi«lliir22#22^ v 

(72)SS9i# *tf 

^Kfl?^KrtJP7^SEfi«kBT22S22^ -> 



(72) aw* jtw 

(72)5BW* 5# » 

*EJff*IE*H»»Kfi»Br22#22^ v 

F^-A (##) 2H088 HA17 HA18 KA27 

2H091 FA08X FA08Z FAUX FA11Z 
FA14Z FD07 GA02 GA13 
LA17 



